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Introduction
This study assesses the water conveyance efficiency of the Urgell canal net-
work of the Urgell area for the hydrological years 2000 to 2002. The net-
work consists of two canals, a main canal of 114 km and an auxiliary canal 
of 77 km, and four main irrigation branches with a total length of 103 km. 
The main use of the water is for irrigation purposes, with potential irriga-
tion areas and irrigated areas of, respectively, 75,000 and 70,210 ha (DARP, 
2005), though water is also supplied for urban, livestock and local industrial 
requirements.
The main canal is lined with concrete up to km 107, and the auxiliary canal 
up to km 55. Most of the main irrigation branches are unlined, with only 
the first 5 km of the second main irrigation ditch and some isolated sections 
lined with concrete. The maximum transport capacity of the main canal at 
source is 34 m3/s and that of the auxiliary canal 18 m3/s. The mean annual 
volume transported by the canals in the study period under consideration 
was 651.5 hm3, of which just 28.5 hm3 were not for irrigation purposes. The 
irrigation season, from March to September, accounted for 591.4 hm3 of this 
total volume.
Material and Methods
A single mean value for conveyance efficiency was calculated based on the 
value of losses according to the Irrigators’ Association along the different 
sections of the transport network due to seepage and evaporation but with-
out considering management losses. This was then compared with the value 
obtained by adding together evaporation losses from canal surface water, 
seepage losses and management losses. Surpluses were also determined 
based on the amount of water supplied by the canals but not consumed by 
the demand.
The volume of evaporated water was calculated by multiplying net evapora-
tion, which is the difference between evaporation and rainfall, by the water 
surface area exposed to evaporation. Evaporation was calculated from the 
reference evapotranspiration multiplied by a coefficient of evaporation of 
1.15, for conditions in dry zones and of weak to moderate winds in accor-
dance with Doorembos and Pruitt (1977). The water surface area exposed 
to evaporation was calculated as a function of the mean monthly flow rate 
and its variation over the different sections of the canal as it distributes the 
water along its way. The corresponding number of sections was established 
according to section and material types.
Estimation of seepage losses was performed following the formula of Davis 
Wilson, as reported in Luján (1992), and was based on the mean monthly 
delivered flow rate, the hydraulic characteristics of each conveyance section 
and whether the sections were concrete lined or not.
Management losses were estimated as 1 % of the flow rate delivered by the 
canals. According to Luján (1992), this value is usually equal to, or lower 
than 5 %.
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As for estimation of surpluses, it was considered that surpluses would oc-
cur when the water supplied by the canals exceeded the demand volume. 
Water demand was calculated on the basis of non-irrigation water demand, 
demand for irrigation purposes in the lands extending along the right-hand 
bank of the main canal (which together form the Urgell Canals Irrigation 
Association) and along the left-hand bank of the main canal (which together 
form the Irrigation Associations of Tàrrega-Alt Urgell, Farrugats-Anglesola 
and La Mina-Belianes), and losses produced in the conveyance due to see-
page, evaporation and management were calculated following the metho-
dology previously explained.
The most important demand that the Urgell Canals have to meet is that of 
irrigation of the lands extending along the right-hand bank of the main canal 
due to the large surface area involved. To determine this demand, the net 
water requirements of each of the crops of the area were determined and 
a weighted mean was obtained according to the percentage of the surface 
area occupied by each crop. The mean amount was then calculated on the 
basis of the overall efficiency of the irrigation area as a whole. An overall 
efficiency rate of 50 % was obtained from the product of conveyance effi-
ciency of the main canal network and irrigation ditches (this value was cal-
culated using data supplied by the Irrigation Association and was 93.5 % for 
the period under consideration), of network distribution efficiency in taking 
the water to the irrigation fields and which was estimated at 90%, and field 
application efficiency which was estimated at 60 %. The distribution and 
application efficiencies were estimated on the basis of calculations perfor-
med with the water resource simulation model developed by Cots (2011).
After comparing various sources and hypotheses, non-irrigation water de-
mand was estimated at 28.5 hm3 per year. Values for the irrigation water 
demand on the part of the Irrigation Associations along the left-hand bank 
of the main canal were provided by the Urgell Canals Irrigation Association 
and amounted to an average of 2.8 hm3 per year for the period under con-
sideration.
Results and Discussion
Losses due to evaporation for the whole of the conveyance network amoun-
ted to an average 1.34 hm3 per year, as shown in Table 1, representing 0.21 
% of the total flow diverted by the canals in this period which was 651.52 
hm3. This percentage of losses due to evaporation is similar to that obtained 
by Krinner (1995) for irrigation zones in Alagón (0.2 %), Cinca (0.14 %) and 
Orellana and Villalaco (0.25 %). According to data collected by Luján (1992), 
such losses can be as high as 1 % in concrete-lined networks. 
Table 1. Losses in the Urgell Canal area: mean values for the years 2000 to 2002 (hm3)
The results for seepage losses were obtained using empirical formulas and 
are therefore an approximation of the real value since, as commented by 
Krinner (1995), they do not take into account the main determining factor 
for such losses, namely the condition of the canal (cracks, fissures, etc.). 
Table 1 shows the monthly and total seepage losses in the conveyance ne-
twork, with a mean annual value for the three years of the study period of 
34.72 hm3, of which 27.46 hm3 correspond to the irrigation season and 7.16 
hm3 to the non-irrigation season. Seepage losses represent an average 5.3 
% of the volume of water delivered by the canals for the year as a whole, 4.7 
% during the irrigation season and 11.9 % during the non-irrigation season.
The results for losses in the conveyance network were obtained by adding 
together losses due to seepage, evaporation and management, the values 
for which are shown in Table 1. It can be seen that the mean annual value 
amounted to 36.79 hm3, representing 5.6 % of the volume delivered by the 
canals. When considering the evolution of seepage losses over time it can 
Losses to Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total Irrigation 
Non-
irrigation 
Evaporation 0.03 0.00 0.00 0.00 0.04 0.08 0.09 0.16 0.26 0.30 0.23 0.14 1.34 1.31 0.03 
Seepage 1.34 1.30 1.79 1.37 1.35 3.27 3.23 3.90 4.36 4.55 4.46 3.80 34.72 27.56 7.16 
Management 0.05 0.05 0.11 0.06 0.07 0.28 0.25 0.16 0.26 0.30 0.23 0.27 2.09 1.75 0.34 
Total 1.39 1.35 1.90 1.43 1.42 3.55 3.48 4.06 4.62 4.85 4.69 4.07 36.79 29.32 7.47 
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be seen that the highest losses were at the height of the irrigation season 
when the diverted flows are at their highest. This was also observed in stu-
dies on gravity-irrigated areas of the canals of Cinca and Orellana (Krinner, 
1995).
The results for the surpluses estimated for the area irrigated by the Urgell 
Canals are shown in Table 2. It can be seen that the highest volumes corres-
pond to November to January, with monthly values ranging between 5 and 
15 hm3, when the irrigation season has not yet begun, and to March and 
April, with average values of around 12 hm3. In the latter case, the irrigation 
season is underway but spring rains lower the demand for irrigation water 
and therefore result in the generation of surpluses if the canals do not redu-
ce their contribution. By contrast, in the months of October and from June 
to August surpluses are zero, and in February they are very low, just 0.5 hm3, 
as a result of a closer correspondence of volumes delivered to demand and 
to seepage, evaporation and management losses in conveyance.
The total mean surplus for the three hydrological years under consideration 
was 53.1 hm3, divided almost in equal proportions between the irrigation 
and non-irrigation season. However, as 2002 was a drier year with restric-
tions on the availability of water, in this year there was very little surplus 
in the irrigation season and in the non-irrigation season the surplus values 
were practically half those of previous years. This shows that in situations of 
water scarcity the volumes delivered correspond better to strictly necessary 
demand.
Table 2. Estimated 
surpluses for the Ur-
gell Canal area (hm3)
As for irrigation 
performance indi-
cators, if surpluses 
are not taken into account, a 94.4% conveyance efficiency value was obtai-
ned. This value is similar to the average value of 93.5% obtained from data 
of the Irrigation Association for the years 1997-2005.
If surpluses are taken into account, estimated at an annual average of 53.1 
hm3, the total losses for the conveyance network amount to 89.9 hm3 per 
year, which would be the equivalent of losses of 13.8 % or, in other words, a 
conveyance efficiency rate of 86.2 % as opposed to 94.4 %.
When a comparison is made of water exploitation during the irrigation and 
non-irrigation periods, conveyance efficiency falls from 90.5 % during the 
irrigation season to 43.6 % during the non-irrigation period. The low effi-
ciency value obtained for the non-irrigation period can be attributed to the 
fact that far higher water volumes are diverted through the canals than the 
calculated demand.
Conclusions
In view of the result obtained of an annual mean 86.2% conveyance effi-
ciency for the Urgell Canals it can be concluded that improvements could be 
introduced to better exploit the area’s water resources. Improvement mea-
sures could include trying to minimize seepage losses through maintenance 
and repair work in the network of canals and main irrigation branches, the 
lining with concrete of as yet untreated sections, as well as management 
improvements in terms of matching supply to real demand 
with a view to trying to minimize water surpluses.
Nevertheless, it should be stressed that the results presented 
here are values of losses estimated using calculations or as-
sumed hypotheses, and that to verify these values measure-
ments would have to be made of the losses at the end points 
of the canals and irrigation ditches, as well as measurements 
taken in situ of seepage losses in accordance with the diffe-
rent network typologies.
Year Oct Nv Dec Jan Feb Mar Apr My Jun Jul Au Sep Total Irrigation Non-irrigation 
2000 0.0
0
6.8
7
18.1
1
9.0
3
0.0
0
18.1
3 0.00
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0 52.1 18.13 34.01 
2001 0.0
0
7.1
5
16.7
6
4.4
0
1.4
7
20.2
6
36.6
5
0.0
0
0.0
0
0.0
0
0.0
0
3.3
7 90.1 60.29 29.78 
2002 0.0
0
3.6
7 9.44
2.3
2
0.0
0 0.00 0.00
1.6
2
0.0
0
0.0
0
0.0
0
0.0
0 17.1 1.62 15.43 
Mea
n 
0.0
0
5.9
0
14.7
7
5.2
5
0.4
9
12.8
0
12.2
2
0.5
4
0.0
0
0.0
0
0.0
0
1.1
2 53.1 26.68 26.41 
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